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ABSTRACT

S/MARt DB, the S/MAR transaction database, is a
relational database covering scaffold/matrix
attached regions (S/MARs) and nuclear matrix
proteins that are involved in the chromosomal
attachment to the nuclear scaffold. The data are
mainly extracted from original publications, but a
World Wide Web interface for direct submissions is
also available. S/MARt DB is closely linked to the
TRANSFAC database on transcription factors and
their binding sites. It is freely accessible through the
World Wide Web (http://transfac.gbf.de/SMARtDB/)
for non-profit research.

INTRODUCTION

Scaffold/matrix attached regions (S/MARs) are DNA elements
of the eukaryotic genome that attach the chromatin fiber to the
proteinaceous network of the nucleus, called either the nuclear
matrix (1) or nuclear scaffold (2). S/MARs are found at the
base of the chromatin loops into which the eukaryotic genome
is organized. Since these loops appear to represent functional
subunits, S/MARs are thought to be the tools which subdivide
the eukaryotic genome into structural and functional domains.
In order to obtain a systematic insight into S/MAR fine-structure
and how it relates to function, we have developed a database on
S/MARs and the proteins that have been implicated in nuclear
scaffold attachment. This database will provide the basis for
elucidating the nature of DNA/scaffold interaction. It will
enhance the understanding of gene regulation with respect to
functional domains. In this context it is important to note that
there are hints that correct matrix attachment is a prerequisite
for proper cell function (3–5). Besides that, a new generation
of vectors tries to take advantage of S/MAR properties (6,7).
First promising results show that these vectors are stably main-
tained without selection for several hundred generations (7).

STRUCTURE AND CONTENTS OF THE DATABASE

The S/MAR transaction database, S/MARt DB, is a compilation
of S/MARs and nuclear matrix proteins that are implicated in
chromosomal attachment to the nuclear scaffold. These data

have been collected mainly from original publications and,
wherever necessary, they were re-confirmed by contacting the
authors.

The database is organized in three hyperlinked flat files
(Fig. 1) which are derived from the internal relational system
consisting of more than 30 tables. Since the basic functions of
S/MARs rely on DNA–protein interactions, the principal
structure of a database handling these data comprises two
linked flat files, SMAR and SMARBINDER. The SMAR flat
file characterizes individual S/MAR elements by reference to
the biological species from which they have been obtained,
their chromosomal location, data on structural and functional
properties and—where available—information about the
binding potential in vitro. The methods by which a S/MAR has
been identified are also provided since they indicate the
reliability of the information given.

At least some S/MARs are located next to known genes.
Therefore, the SMAR flat file provides links to the GENE flat
file (Fig. 1) which keeps information on genes. GENE also
provides links to the SMARBINDER flat file.

The properties of individual nuclear matrix proteins that interact
with S/MAR elements are described by the SMARBINDER flat
file. These entries include the biological species from which
these matrix proteins have been obtained and their known cell
specificity. Data about their size and isoelectric point are
collected in this table as well as information concerning
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Figure 1. Flat file structure of S/MARt DB.
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structural and functional features. The SMARBINDER flat file
provides links to the FACTOR table of the TRANSFAC database
(8) since some proteins that are supposed to bind to S/MARs are
known to act as transcription factors as well (5,9,10).

Often individual S/MARs as well as S/MAR binding
proteins are given distinct names in different laboratories.
These different names are collected as synonyms. Published
interactions of S/MAR binding proteins with S/MARs are
included both in the SMAR as well as in the SMARBINDER
entries. Interactions are described by providing information on
the experimental set-up, i.e. experimental methods and the
cellular contexts. Finally, all bibliographic references of the
evaluated publications are quoted.

An overview of the amount of data stored in S/MARt DB is
given in Table 1. Since its first introduction to the public in
October 1999, the data content has increased by ∼38% (S/MARs)
or ∼20% (S/MAR binders). In particular, the number of entries
that include a sequence has been enhanced (from 64 to 78% of
all S/MARs), and the mean sequence length per entry has
nearly been doubled. The data derive from a comparable
number of animal and plant species (Table 1). To the best of
our knowledge, we have close to 100% coverage as far as
publicly available data about S/MARs are concerned.

LINKS TO OTHER DATABASES

As mentioned above, the SMARBINDER flat file provides
links to the TRANSFAC database. This also holds true for the
GENE flat file, which connects S/MARt DB to Transcription
Regulatory Region Database (TRRD) as well (11). Besides
that, S/MARt DB contains hyperlinked cross-references to
MEDLINE/PubMed, to the EMBL data library (12) and, where
appropriate, entries are also linked to SWISS-PROT and PIR
(13,14).

SUBMISSION OF DATA AND ACCESS TO DATA

In order to keep S/MARt DB as up-to-date as possible we
strongly encourage all the experts in the field to directly submit
relevant data via the Internet. For this purpose, we have devel-
oped HTML-based forms that enable electronic submission of
S/MAR sequences and S/MAR binding proteins. Data that are
submitted to the database are marked accordingly and become
publicly available after passing through an expert reviewing
procedure comparable to that which is common for paper
publications. Submission forms can be found on the S/MARt
DB homepage (http://transfac.gbf.de/SMARtDB/).

The ASCII flat file version of S/MARt DB is freely accessible
through the Internet for non-profit research. The flat files are
organized in a manner similar to those displayed by the EMBL
or SWISS-PROT databases. S/MARt DB is connected to a
search engine that enables the user to browse the database
through all fields of the flat files. Documentation explaining
the data content, the data format of the flat files and introduced
changes may be called from the S/MARt DB homepage.

FUTURE PROSPECTS

In addition to maintaining and updating the S/MAR database
described above, its structure and properties will be continuously
extended. In addition to pure textual descriptions, a next step
will be the inclusion into the SMAR flat files of graphic
representations for the regions surrounding the S/MAR
elements as well as standardized biomathematical computations
of S/MAR activities along the published sequence. Extending
the possibilities for direct updating by the community, it will
be possible in the future to report S/MAR–protein interactions
to the S/MARt DB via a separate form. This becomes increasingly
important as more and more S/MARs and S/MAR binding
proteins are included in the database, and new reports

Table 1. Content of S/MARt DB releases 1.0 (when it was published first) and 1.1 (actual status)

Table Entries
(release 1.0, Oct 1999)

Entries
(release 1.1, Jan 2001)

S/MAR (total) 192 313

  From animals (mammalia/insecta) 135 (107/20) 240 (144/80)

  From plant species (dicotylidonae/monocotylidonae) 49 63 (50/13)

  From other species (i.e. yeast, viridae, artificial sequences) 8 9

  Sequences 123 245

  Mean length of sequence 1142 bp 2128 bp

Genes assigned to a S/MAR 110 124

Species 28 31

  Animals (mammalia/insecta) 12 (10/1) 13 (10/1)

  Plants (dicotylidonae/monocotylidonae) 11 12 (9/3)

  Other 5 6

SMARBINDER (total) 51 61

  Known transcription factors 8 8
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demonstrating the interaction between these already known
components become available.

In order to establish a useful network of information
resources for researchers we shall enhance cross-referencing
between databases. For instance, pointers to FlyBase and
OMIM will be inserted into S/MARt DB (15,16).

Classifications of S/MARs and S/MAR binding proteins will be
developed once the data sets appear sufficiently comprehensive.
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